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Publications of this research are reported in Science, JACS, JPC, ChemPhysChem, 
PNAS, Nano Lett., and PCCP. Developmentally, we have advanced ultrafast electron 
microscopy (and diffraction) to a new level. The electron pulses typically have an energy 
of 30 keV for diffraction and 100-200 keV for microscopy, corresponding to speeds of 
33-70% of the speed of light. Recently, we introduced the concept of tilted optical pulses 
into diffraction and imaging techniques and demonstrated the methodology 
experimentally. In a separate contribution, we provided a novel approach for reaching 
the attosecond time domain. Such attosecond electron pulses are significantly shorter 
than those achievable with extreme UV light sources near 25 nm (-50 eV) and have the 
potential for applications in the visualization of ultrafast electron dynamics. 
 

For the applications of UEM (and diffraction), we successfully reported the direct 
imaging, atomic-scale, of molecular nanocrystals, the phase transition in metal-insulator 
transitions, the embryonic crystallization following extreme melting, and the discovery of 
nanogating in quasi-1D materials. We also reported on the theoretical foundation for the 
phenomena, and research continues in these new directions. Recent highlights are 
published in Science, Ann. Rev. Phys. Chem., and Phys. Chem. Chem. Phys. as 
overviews and reviews (example attached). 

 
Recently, we reported on martensitic phase transformation in iron and two new 

techniques: convergent beam ultrafast electron diffraction for nano-scale structures and 
near-filed ultrafast electron microscopy for plasmonics. A perspective of the recent 
developments was published last year as an invited review (see #15 below). 
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